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Figure 2. Correlation of the Lysholm Score and the T2 Index.
Figure 3. Correlation of the IKDC Subjective Knee Evaluation Form and the T2
Index.
the repair tissue as a percentage of mean T2 of control cartilage.
The Lysholm Score and the IKDC Knee Evaluation Forms were
used for the assessment of clinical outcome.
Spearman’s rho (rs) was calculated with SPSS 14.0 on a Win-
dows XP platform.
Results: Global T2 values of the repair tissue (mean 49.8 msecs,
SD 7.5) differed signiﬁcantly (p < 0.001 in the paired ttest) from
Figure 4. Correlation of the IKDC Subjective Knee Evaluation Form and the T2
Index.
global T2 values of native cartilage (mean 58.5 msecs, SD 7.0,
see Fig. 1).
The T2 index ranged from 61.3 to 101.5 percent (mean 85.5, SD
10.3).
We found the T2 index to correlate with outcome of the Lysholm
Score (rs = 0.641, p=0.001, see Fig. 2) and the IKDC Subjective
Knee Evaluation Form (rs = 0.549, p=0.005, see Fig. 3). There
was no correlation of the T2 index with the IKDC Knee Examina-
tion Form (rs = -0.284, p=0.179, see Fig. 4)or with defect size,
defect ﬁlling, BMI, age or gender.
Conclusions: These ﬁndings indicate that T2 mapping is sen-
sitive to assess repair tissue function and provides additional
information to morphologic MRI in the monitoring of microfrac-
ture.
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Purpose: The exact analysis of normal cartilage, traumatic or
degenerative cartilage lesions in joints with high congruency and
thin cartilage layer is technically demanding.
In morphological cartilage imaging recent studies point out that a
3D-True Fast Imaging with Steady-State Precession (True-FISP)
Sequence is of increasing importance, since it can provide high
isotropic resolution within relatively short scan time.
Besides morphological imaging hopes have been generated to
visualize cartilage structure and molecular composition in vivo.
One of the most widely implemented MR parameter applied to
cartilage molecular imaging is quantitative T2, which is seen to
reﬂect interactions between water molecules and surrounding
macromolecules.
The aim of the present study was to evaluate the feasibility and
reproducibility of high-resolution MRI of the articular cartilage of
the ankle joint within a clinically acceptable scan time. Further-
more to assess the feasibility and reproducibility of quantitative
T2 measurements within thin articular cartilage layers in the
ankle joint.
Methods: Ten healthy volunteers underwent MRI of the ankle.
As morphological sequences an isotropic 0.3x0.3x0.3mm 3D-
TrueFISP (a) and a standard Proton-Density Fat-Suppressed
Turbo-Spin-Echo (PD FS TSE) (b) sequence with the same in-
plane resolution were performed. Furthermore biochemical quan-
titative T2-imaging was prepared by a multi-echo spin-echo T2
approach (c). Data analysis was performed three times by three
different observers on sagittal slides planned on the isotropic 3D-
TrueFISP; as morphological parameter cartilage thickness was
assessed, for T2 relaxation times region-of-interest (ROI) evalua-
tion was done. Reproducibility was determined as coefﬁcient-of-
variation (CV) for each volunteer; averaged as root mean square
(RMSA).
Results: Mean cartilage thickness (mm) measurements for two
positions within the talocrural joint, for all measurements of all
observers, varied between the two morphological sequences.
Cartilage thickness assessed with the 3D-TrueFISP sequence
was signiﬁcantly higher for all regions than cartilage thickness
assessed by the PD FS TSE sequence (p<0.05).
Quantitative T2 assessment of hyaline cartilage of the talocru-
ral joint, taking all measurements and all observers together,
showed similar results for measurements within the talar and
tibial cartilage.
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Both sequences showed similar results for reproducibility re-
lated to volunteers and raters (CV) and averaged reproducibility
(RMSA) with slightly, but not signiﬁcantly, better results for the
3D-TrueFISP sequence (p>0.05).
For cartilage thickness measurements, both morphological se-
quences showed comparable good results with RMSA of 7.1 to
8.5%. Regarding quantitative T2 values measured at the same
location RMSA ranged with excellent results from 3.2 to 4.7%.
Conclusions: In our study, deﬁned regions within the thin and,
in terms of MRI, technically demanding cartilage of the talocrural
joint were analyzed and a combined assessment of cartilage
thickness and T2 relaxation times was performed in a clinically
acceptable scan time. The obtained results show a good repro-
ducibility of high-resolution isotropic 3D-TrueFISP, PD FS TSE
and quantitative T2 cartilage imaging. Reproducibility of less than
10% in a challenging joint with cartilage thickness of around 1mm
provides an excellent basis for diagnosis, grading and follow-up
of pathological conditions of the ankle cartilage layers.
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Purpose: Different MRI techniques have been proposed for
probing the structure and the molecular composition of cartilage.
In osteoarthritis diagnosis of early stages of cartilage softening
is still challenging. Furthermore cartilage repair procedures de-
mand for advanced MR sequences. A fast Double Echo Steady
State (DESS) sequence permits accurate and precise analysis of
cartilage morphology in the knee joint at 3T. However to improve
therapy monitoring especially after cartilage repair procedure, in
addition to morphological imaging, quantitative mapping tech-
niques, such as T2 mapping, seem to be useful.
Based on the simultaneous acquisition of two signals with clearly
different contrasts within the DESS sequence, it allows the forma-
tion of two MR images. In principle T2 values can be calculated
from the combination of the ﬁrst and second images.
In this study we used those combined possibilities of the DESS
sequence and compared it to a standard T2 multi-echo spin
echo (SE) sequence in healthy volunteers, patients with arthro-
scopically diagnosed areas of cartilage softening, patients after
cartilage repair procedure using microfracture technique (MFX)
and after matrix-associated autologous chondrocyte transplanta-
tion (MACT).
Methods: Four groups(I-IV) were enrolled in this study: (I)15
healthy volunteers with no clinical symptoms or history of knee
pain. (II)8 patients with arthroscopic diagnosis of cartilage soft-
ening. (III)10 patients after MFX therapy. (IV)10 patients after
MACT. Ethical approval was provided.
MR imaging was performed on a 3 T MR scanner. The protocol
for all groups was identical and consisted of a SE sequence
using 6 echoes for the standard T2 mapping and the alternative
DESS-T2 approach. A region of interest analysis was undertaken
covering the full thickness of the cartilage site in all groups. For
correlation between SE-T2 and DESS-T2 values, a correlation
using the Pearson coefﬁcient was achieved.
Results: Quantitative T2 assessment of native hyaline cartilage
in healthy controls showed mean T2 values (ms) of 55.4 ± 6.2
using the classical SE-T2 approach and 54.7 ± 6.7 using the
new DESS-T2 method. Correlation between both measurements
was highly signiﬁcant (p<0.001). In all other groups, SE-T2 val-
ues and DESS-T2 values also showed signiﬁcant correlation
(p<0.05). Whereas in cartilage softening and after MFX T2 val-
ues were signiﬁcantly lower than in healthy volunteers (p<0.05),
in patients after MACT T2 values stayed stable (p≥0.05). Figure
1 shows a DESS-T2(left) and SE-T2(right) map after MFX with
low (blue) T2 values within the area of cartilage repair(arrows).
Figure 1
Conclusions: In conclusion, T2 mapping based on a high reso-
lution 3D-DESS sequence correlates good with standard SE T2
mapping. Hence the presented DESS option gives the oppor-
tunity to combine morphological and functional imaging in one
sequence to assess healthy or softened cartilage and cartilage
repair tissue. Implicating this correlation, biochemical imaging
can be added to a routine morphological protocol to further
elucidate cartilage changes and follow-up nonsurgical and sur-
gical therapy options.Future studies are needed to investigate
this clinical impact and the accuracy for a longitudinal change
of cartilage morphology and biochemistry. Furthermore to opti-
mize signal-to-noise for the assessment of spatial variation within
articular cartilage.
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Purpose: The assessment of joint structural damage and
changes over time is becoming essential for monitoring the
progression of osteoarthritis (OA) and evaluating therapeutic re-
sponse. Synovitis in knee OA patients has been demonstrated
to be a signiﬁcant risk factor for disease progression, thus as-
sessment of the severity of synovitis and its progression over
time are of primary importance. A number of methods to assess
the severity have been described but are invasive. The aim of
this study was to develop a new MRI acquisition sequence which
will allow reliable and sensitive assessment of the severity of
synovitis in knee OA patients without the use of a contrast agent.
Methods: Imaging was performed using a 1.5T scanner with a
transmit-receive knee coil. Measurements of synovial membrane
thickness were performed on four regions of interest (ROIs) and
